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Abstract 
The importance of the analysis, modelling and management of a business process is not restricted to a specific enterprise sector. 
In the field of health management, as a result of the nature of the service offered, health institutions’ processes are also the basis 
for decision making which is focused on achieving their objective of providing quality medical assistance. Business processes in 
hospitals are very complex and variable. BPMN (Business Process Model and Notation) is a user-oriented language specifically 
designed for the modelling of business (organizational) processes. The objective of this work is to show the experience obtained 
in the creation of the conceptual models of certain hospital processes which can be used as a basis for others in collaboration with 
hospitals in order to model their processes using BPMN. In first instance, the processes were modeled with purposes to apply 
metrics for measuring the usability as a software quality attribute according to standard ISO 9126. The next challenge is to 
evaluate the usability of the models from the point of view of the user according to standard ISO 9241-11 that defines usability as 
“the extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use”. Starting from usability engineering, a proposal of a framework that considers 
evaluation criteria about previously modeled processes with BPMN results necessary. In order to achieve the framework are 
considered studies on the usability evaluation for business process modeling tools and languages. 
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1. Introduction 
Considering the need of business analysts to restructure processes quickly to respond to competitive pressure or to 
business opportunities, the design and modelling of business processes represents one of the most important phases 
within the life cycle of a process [1]. Design means explicitly modelling, designing, simulating and redesigning the 
process as the organization learns what is possible 
The business processes describe the activities involved in the business and how they relate to and interact with the 
necessary resources to achieve a goal for the organization. Some specific goals of business process modelling are [2, 
3]: 
1. To ease the understanding of the key mechanisms of an existing business 
2. To serve as a basis for the creation of appropriate information systems to support the business 
3. To improve the current business structure and operation 
4. To show the structure of an innovated business 
5. To identify outsourcing opportunities, 
6. To facilitate the alignment of business specifications with the technical framework that IT development needs. 
Business processes in hospitals are highly complex and variable, due to the daily work which requires frequent 
reactions both to the interim results of diagnostic processes and to unexpected medical instructions, therefore, it is 
vital that the health sector maintains its current business processes not only to achieve continuous improvement of 
services offered, but also as an essential part of quality programs in which it is immersed. 
In a competitive health-care market it is necessary for hospitals to reorganize their structure and operations [4] 
and become more responsive organizations with a patient service which must be as efficient as possible. Labour, 
capital and information are therefore critical resources: availability, correctness, and facilities to process information 
are crucial for an efficient patient service. Moreover, from the point of view of computer science, the tendency of 
clinical practice is to move towards a shared care environment in which knowledge of clinical information systems 
should include definitions of all aspects of clinical processes, in addition to the functions and responsibilities of the 
people involved in them [5]. These Clinical or Hospital Information Systems are the artifacts (a combination of 
technology, data and people) that produce and maintain information resources for medical care in hospitals. 
Nevertheless, the bases that allow these computer systems to operate well are the processes of which they are 
composed, and the lack of control of the processes that are used to deliver medical care clearly seems to be one of 
the most important reasons for both the main problems in preventable medical errors (with lethal consequences) and 
the high economic costs in US hospitals. On this basis, [6] argues that more precise and comprehensive process 
definitions are more effective bases for the kinds of definitive analyses that lead to successful improvement efforts in 
a more efficient manner. 
Moreover, care safety assessment, activity-based analysis, workflow technology and knowledge of care pathways 
are related to the basic methodological aspects of continuous quality improvement [7]. Additionally, changes in the 
ISO 9000 standards promote enterprise process analysis and the use of business process redesigning to describe 
major processes and a cross-functional view of enterprises. 
On this basis, this work presents the application of the Business Process Model and Notation (BPMN) [8] for 
business process modelling in the health sector. Our aim is to show our experience and lessons learned in 
collaboration with process modelling that can be applicable to any institution in the health sector, thus facilitating its 
visualization, understanding and management.  
In first instance, the processes were modeled with purposes to apply metrics for measuring the usability as a 
software quality attribute according to standard ISO/IEC9126. The next challenge is to evaluate the usability of the 
models from the point of view of the user according to standard ISO/IEC 9241 that defines usability as “the extent to 
which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use”. Starting from usability engineering, also is defined a framework that 
consider evaluation criteria about previously modeled processes with BPMN. In order to achieve the framework also 
were considered studies on the usability evaluation for business process modeling tools and languages. 
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This paper is organized as follows: Section 2 will describe the BPMN language and the works related to hospital 
processes on the basis of business processes. In Section 3, the evaluation usability of business process modelling is 
undertaken and finally in Section 5 some of the conclusions drawn from this work will be put forward. 
2. Hospital Processes Modelling with BPMN 
In this section, background on the modeling language used to model the hospital processes, and the methodology 
are described and results 
2.1. Business Process Model and Notation (BPMN) 
Business process models (BPMs) have a wide range of uses such as supporting re-engineering processes, 
simulation or being a basis through which to develop systems to automate the processes of the model. Furthermore, 
BPMs can be created or presented by using many different methodologies or modelling languages, such as IDEF 0 
[9], IDEF 3 [10], UML [11], UML 2.0 [12] and BPMN [8]. 
BPMN (Business Process Model and Notation) is a language specifically designed for the modelling of business 
(organizational) processes [8]. It has met with general acceptance in business and institutional circles thanks to the 
fact that it has been devised to be used and understood by any kinds of roles (directors, experts in quality, business 
analysts, system analysts, engineers, etc.), with no need of special technical knowledge. BPMN provides a graphic 
notation expressing all the aspects of the processes by a single type of diagram [13]. 
BPMN was designed to cover many types of modelling and allows the creation of end-to-end business processes. 
Moreover, it provides a graphical notation through which to express business processes in a Business Process 
Diagram (BPD), based on a flowcharting technique tailored to create graphical models of business process 
operations, thus allowing the easy development of simple diagrams. 
BPD is composed of two basic categories of constructs: the first is formed of basic elements (Flow Objects, 
Connecting Objects, Swimlanes and Artifacts) which make it possible to develop simple process models, and a 
complete list of elements that permits the creation of complex or high-level business process models. The core 
elements of BPMN are shown in Table 1. 
Table 1. BPMN notation core elements. 
 
The structural elements of BPMN allow the viewer to easily differentiate between sections of a BPMN Diagram. 
There are three basic types of sub-models within an end-to-end BPMN model: Private (internal) business processes, 
Abstract (public) business processes and Collaboration (global) processes [8]. Moreover, many types of Diagrams 
can be created within and between these three BPMN sub-models, such as: 
x High-level private process activities 
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x Detailed private business process with interactions to one or more external entities (or Black Box processes) 
x The interaction of two or more detailed private business processes 
x Detailed private business process relationship to Collaboration process 
x Detailed private business process relationship to Abstract process, among others. 
The aim of this work is to develop and present the As-is models of some of the processes which are central to a 
health sector institution as a reference point for the development of To-be models, for the improvement and, in this 
case, redesign of said processes, and then evaluate its usability. Previous experiences of the use of this notation in 
the processes modelling within the health sector in Spain or another country are not known. Given the diversity and 
complexity of the processes in a hospital, the implementation of BPMN may be very useful. 
2.2. Planning Case Study and Methods 
Orientation to processes is one of the essential elements of Quality Management Systems, including those 
currently in use in healthcare. Design is of special importance throughout the process life-cycle [14]. This phase 
refers, mainly, to the process modelling, that is to say, to the right representation of its performance and other 
relevant aspects. 
In order to develop processes models in the health sector at a conceptual level, was necessary the collaboration 
between two work groups of different profiles (businesses and systems), which could be used as a basis for those 
who are interested in the conceptual modelling of healthcare processes, and then a multidisciplinary work group was 
created. It was composed of software engineers from the University of Castilla-La Mancha (UCLM) and health 
professionals and administrative staff from the General Hospital of Ciudad Real (HGCR) which is a part of the 
Health Care Services (SESCAM) of the Spanish region of Castilla-La Mancha. 
The applied research method was Action-Research (A-R). A-R is a collaborative research method aimed at 
joining theory and practice between researchers and practitioners by means of a process of a cyclical nature. 
The work in collaboration was carried out in six phases: informative meetings, intensive training of health 
professional sin BPMN, selection of possible processes, definition of the work method (including subgroups 
creation), defining the selected processes, and development of the process model [15]. 
Fig. 1. Collaborative work. 
In the last phase, consisting of the development of each of the selected process models, each model was created in 
a collaborative and interactive manner, with those involved working together, either in person or by e-mail, and 
obtaining continuous feedback on both sides. 
The hospital experts (business profile) in the processes developed a record that included: mission of the process, 
limits, clients, responsible persons, participants and its duties, glossary of terms, suppliers for the process, 
description of activities and documents and register. The group of experts in systems made the modelling of the 
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processes and its sub processes through a reiterative and incremental method: They added progressively details, until 
reaching the level requested by the Hospital. The approval of the results was giving through joint revisions of each 
iteration until the final version was obtained. 
As a result, a total of three principal processes chosen by the hospital experts were developed. Also were modeled 
a total of 31 sub processes of each central process as described in Table 2, as well as a derived process. 
      Table 2. Results of process modelling with BPMN. 
Process Sub process Derived process 
Surgical Patient Scheduling (SPS) 24 1 
Incorporation of a New Employee (INE) 4  
Appointment Process (AP) 3  
 
As example of this process models, the Figure 1 shown the SPS (Surgical Patient Scheduling) process, which is a 
high level abstraction and the activities that take place when a patient (the client) is admitted to the hospital for the 
surgical treatment of an injury or a disease that has been previously diagnosed. 
Fig. 2. Surgical Patient Scheduling process model 
The development of these models and their sub-processes made it possible to obtain the “As-is” models of the 
most representative processes within the health service offered by the participant institution. The work done is the 
reference model that will serve as a basis for the construction of the “to-be” models. The application of the BPMN 
notation was very useful, since, due to its characteristics, the construction of the process models presented could be 
facilitated to both participant groups (business and systems) at any given moment. 
A further important contribution that was obtained from modelling the processes was real knowledge of the 
complexity of each process, which was different to the degree of complexity which had initially been estimated 
when the selection of the processes to be modelled took place. The entire work is presented in detail in [16], where 
besides the lessons learned are described in the modeling of processes in the health sector. 
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The main objectives in the case studio were: 
x Check the practical utility of the measures defined in [16] 
x Measurement and structural modeling of the main processes 
x Facilitate assessment of the structural complexity of the processes towards choosing easier to understand and 
modify models  
From this view, the processes were modeled with purposes to apply metrics for measuring the usability as a 
software quality attribute according to standard ISO/IEC 9126 [17]. So, a second phase of the case studio consisted 
on evaluate the usability from the standpoint of the understandability of the models. 
This, usability was evaluated as a software quality attribute according to standard ISO/IEC 9126, so the next 
challenge is to evaluate the usability of the models from the point of view of the user according to standard ISO 
9241-11 [18] that defines usability as “the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction in a specified context of use”.  
3. Usability Evaluation of Business Process  
The second phase of case study consisted on evaluate two quality characteristics of business process models: 
usability and maintainability. In previous works [19, 20, 21] a set of measures for the evaluation of models 
developed with BPMN have been defined and empirically validated. They are based on the measurement of 
structural properties of these models. As a result of the empirical validation, several measures were correlated with 
usability and maintainability, by mean the understandability and modifiability respectively. 
Subsequently reduced measures (12 of 29) that may be useful to predict aspects such times, successes and 
efficiency when assessing the understandability and modifiability of the models process group was identified. 
Figure 3 shows in a simplified way the process was conducted to evaluate the usability and maintainability on the 
models developed from hospital processes. Method consists of measuring real models and apply regression lines. 
This is to choose functional models that are easier to understand and modify. 
Fig. 3. Process of Evaluation of usability and maintainability 
The results were positive to find that the predictive measures allowed identified those models easier to 
understand and modify processes, which coincided to contrast it with the opinion of experts using Delphi method. 
Thus, it was possible to evaluate the usability of hospital process modeled with BPMN, with reference to the 
usability as a software quality attribute according to standard ISO/IEC 9126 [17] that defines usability as “capability 
of a software to be understood, learned, used and be attractive to the user, in specific conditions". 
However, is necessary evaluate the usability from the point of view of the user in order to know that as usable 
and efficient are the processes models developed. From this perspective, we must consider the usability according to 
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standard ISO/IEC 9241 [18] that defines usability as “the extent to which a product can be used by specified users to 
achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use”. 
In this way, based from usability engineering, the development of a framework that includes criteria for 
evaluating the usability of the previously modeled processes with BPMN is contemplated. Usability Engineering can 
be defined as an approach to developing systems in which quantitative levels of usability priori specified, and the 
system is built to achieve those levels, known as metrics. The Usability Engineering provides a practical way of 
ensuring that software developed reaches a certain level of usability and is based on the evaluation by usability 
testing with users. Usability tests are more widespread practice of usability. They consist of presenting the user with 
a series of tasks, and ask him to perform with the prototype system. The actions and user comments are collected for 
further analysis. 
According to Nielsen [22] usability is a quality too abstract to be measured directly. To study it is usually broken 
down into the following five basic attributes: ease to learned, efficiency, memorization, error rate and satisfaction. 
On the other hand Preece [23] defines the factors contributing to the usability, such as: effectiveness, efficiency, 
safe, useful, ease to learned and ease to remember how to use it. 
Considering the importance in the field of software engineering has acquired usability from the point of view of 
the user, it is important that business processes are the basis for the development of software are also evaluated from 
this perspective. Therefore, the framework for evaluating the usability of business processes must take into account 
the different patterns of existing usability in the literature, which must be analyzed in order to define a model that 
unifies the various criteria; same shall be applicable to models of processes with BPMN. 
Additionally, also are considered studies on the usability evaluation for business process modeling tools such as 
those presented by Effinger et al [24], Becker et al [25], and Kannengiesser [26], in addition to those relating to the 
usability evaluation languages as Figl et al [27]. These studies give us guidelines to evaluate several aspects of 
business processes usability. 
4. Conclusion and future work 
In this work we have presented the application of business process modelling to the health sector. The main 
objective is first, to show the experience acquired in business process modelling when it is applied to health sector 
processes with the active participation of hospital staff (business people), and second, to show the results obtained in 
the modelled and graphical visualization of some of the main processes, commencing principally with the training 
received. 
Once all the processes selected had been modelled, it was possible not only to determine the utility of models for 
managing these processes but also to propose improvements to them, by identifying models that are easier to 
understand and modify. This was possible by measuring and prediction of the models. Thus, was evaluated the 
usability of the models from its understandability. 
The next step is to develop a framework that allows us to evaluate the usability of process models based-user, 
where usability attributes are to be evaluated as the seven dialogue principles of the ISO norm represent 
standardised usability principles: 1) suitability for the task, 2) self-descriptiveness, 3) conformity with user 
expectations, 4) suitability for learning, 5) controllability, 6) error tolerance and 7) suitability for individualization 
[28], and including three user groups with different tasks and responsibilities can be distinguished in the 
development of process [29]: a)Business analysts who create the initial draft of the processes, b) Technical 
developers who are responsible for implementing the technology that will support the performance of those 
processes and c) Business engineers who manage and monitor the processes. 
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